Background: We describe the recruitment of participants for Strategies to Reduce Injuries and Develop Confidence in Elders (STRIDE), a large pragmatic cluster randomized trial that is testing the effectiveness of a multifactorial intervention to prevent serious fall injuries. Eligible persons were 70 years or older, community-living, and at increased risk for serious fall injuries. The modified goal was to recruit 5,322 participants over 20 months from 86 primary care practices within 10 diverse health care systems across the United States. Methods: The at-risk population was identified using two distinct but complementary screening strategies that included three questions administered centrally via the mail (nine sites) or in the clinic (one site), while recruitment was completed centrally by staff at Yale. Results: For central screening, 226,603 letters mailed to 135,118 patients yielded 28,719 positive screens (12.7% of those mailed and 46.5% of the 61,729 returned). In the clinic, 22,537 screens were completed, leading to 5,732 positive screens (25.4%). Of the 34,451 patients who screened positive for high risk of serious fall injuries, 31,872 were sent a recruitment packet and, of these, 5,451 (17.1%) were enrolled over 20 months (mean age: 80 years; 62% female). The participation rate was 34.0% among eligible patients. The enrollment yields were 3.6% (vs 5% projected) for each patient screened centrally, despite multiple screens, and 10.5% (vs 33.9% projected) for each positive clinic screen. Conclusions: Despite lower-than-expected yields, the STRIDE Study exceeded its modified recruitment goal. If the STRIDE intervention is found to be effective, the two distinct strategies for identifying a high-risk population of older persons could be implemented by most health care systems.
The recruitment of older persons, particularly those who are frail or otherwise vulnerable, for large multisite pragmatic trials poses many challenges, such as reconciling competing clinical and research priorities (1, 2) . We recently completed enrollment for the Strategies to Reduce Injuries and Develop Confidence in Elders (STRIDE) Study, a large 40-month pragmatic cluster randomized trial set in 86 primary care practices within 10 diverse health care systems (ie, clinical sites) across the United States (3) . The aim of STRIDE is to determine the effectiveness of an evidence-based, patient-centered multifactorial intervention to prevent serious fall injuries in an atrisk population of community-living older persons.
Based on formal sample size calculations (3), STRIDE set an initial goal of enrolling 6,000 participants aged 75 years or older over 18 months. A unique feature of STRIDE was centralized recruitment, with two distinct but complementary screening strategies to identify an at-risk population. The current report describes the procedures that allowed us to exceed a modified goal of enrolling 5,322 participants aged 70 years or older over 20 months. We highlight the successes and lessons learned from the STRIDE recruitment effort, report enrollment yields by clinical site, age, and sex, and provide baseline characteristics of the 5,451 participants enrolled and cost estimates for the two screening strategies. The information provided should assist other investigators who are planning or conducting large pragmatic trials of vulnerable older persons, particularly trials in different health care systems.
Methods

STRIDE is being conducted at 10 US health care systems (Supplementary Material A) and was approved by a Central
Institutional Review Board at Brigham and Women's Hospital. All participants provided verbal informed consent or assent (with proxy consent), and all study materials and interviews were available in English and Spanish.
The study design for STRIDE, including selection of the eligible primary care practices, has been previously described (3) . The 86 practices were randomized to intervention or control group using covariate-based, stratified, constrained randomization to balance practice characteristics within and across the 10 health care systems. Participants within these practices had to be ≥70 years and at increased risk for serious fall injuries based on a "Yes" response to ≥1 of 3 screening questions: (a) have you fallen and hurt yourself in past year? (b) have you fallen ≥2 times in past year?, and (c) are you afraid that you might fall because of balance or walking problems (4-6)? Persons were excluded if they did not receive primary care at the assigned practice; planned to move out of the area in the coming year; resided in a nursing home; were enrolled in hospice or reported being too ill to participate; did not speak English or Spanish; or were not capable of providing informed consent (or assent) because of impairments in cognition/hearing and did not have a proxy.
Study Recruitment Goals
Based on formal sample size estimates, the initial goal was to enroll 6,000 participants over 18 months from 86 practices at the 10 clinical sites (Supplementary Table 1 ). Because initial enrollment was slower than projected, the goal was modified to 5,322 participants over 20 months, with maximum follow-up extended from 36 to 40 months to maintain 90% power. Although the original plan was to end recruitment for a specific practice after its enrollment target had been reached, this was not possible due to slower enrollment at other practices. The Data Coordinating Center (DCC) monitored screening and recruitment activities and provided the Screening, Recruitment and Retention Committee, which met monthly via conference call, with a set of weekly reports to track progress on critical benchmarks.
Screening
Based on earlier pilot testing (3), the primary strategy was central screening. Nine of the 10 clinical sites provided the DCC with contact information for age-eligible patients in their participating practices. These patient lists were updated biannually during the recruitment period. The Yale Recruitment and Assessment Center (RAC) sent patients a letter addressed from their primary care practice asking them to complete a self-addressed, prepaid screening postcard, which included the three previously described questions, and mail it back to the RAC. Because the sample of age-eligible patients was largely fixed, additional screening postcards were sent to non-responders who did not return the prior postcard within 75 days. Patients who were not at increased risk for serious fall injuries, hereafter referred to as screen-negative, could subsequently be rescreened after a minimum of 9 months.
Screening at the remaining site (Reliant Medical Group), which opted not to provide a patient list, was completed by practice staff during routine primary care visits. The screening questions were embedded within the electronic health record (EHR) work flow, as a part of standard vital signs, and the results of positive screens (and total number of screens performed) were regularly transmitted to the DCC electronically along with the patients' contact information.
Centralized Recruitment
Patients who were at increased risk for serious fall injuries, hereafter referred to as screen-positive, were sent a recruitment packet by the RAC. The packet included an invitation letter from their primary care practice, recruitment letter from STRIDE, study brochure, consent/privacy information sheet (Supplementary Material B), initial monthly fall calendar (7), and opt-out postcard. The recruitment letter indicated that they could opt out from being contacted about the study by returning the self-addressed, prepaid postcard to the RAC within 2 weeks. Patients who did not opt out were called by a RAC recruiter (up to five attempts, including at least one evening and one weekend call). Because randomization of practices occurred prior to participant enrollment, recruitment staff were kept masked to practice assignment to reduce potential bias.
During the telephone interview, the recruiter reviewed the purpose of the study, answered any questions and, after obtaining verbal consent, completed the six-item Callahan cognitive screener, which has comparable diagnostic test characteristics as the Mini-Mental State Examination (8) . After confirming that the patient did not meet any exclusion criteria, the recruiter collected baseline data on sociodemographic characteristics, height and weight, physical activity, self-rated health, chronic conditions, and use of mobility aid.
Patients found to have significant cognitive impairment, defined as ≥4 errors on the six-item screener, were required to have a proxy/ caregiver willing to provide consent, facilitate adherence to the study protocol (including completing the assessments), and assist with implementing the intervention as needed.
Strategies to Enhance Screening and Recruitment
At the outset of the trial, the lower age limit was 75 years. Because the pool of available patients was not sufficient given the lower than projected screen-to-enrollment rate, the age limit was lowered incrementally to 73 and then 70. In collaboration with the STRIDE Local and National Patients' and Stakeholders' Committees, which represented the perspectives of patients and other stakeholders (9), the following strategies were implemented to further enhance screening and recruitment: (a) adding (i) small, nonfinancial incentives, such as bookmarks, (ii) site-specific patient and/or local physician story card to accompany the screening postcards, and (iii) a signed notecard from Martha Stewart (http://marthastewart.com), highlighting the importance of fall prevention, to the recruitment packets; (b) modifying the screening and recruitment letters and consent form to improve clarity, reduce redundancy, and enhance appeal; (c) raising study visibility through site-specific activities, eg, local press releases, posting flyers and distributing information cards at participating practices, in-services for practice clinicians, etc.; (d) using cell phones with area codes local to the specific trial sites by RAC recruiters to reduce the number of "no contacts"; (e) allowing sites to contact screen-positive patients who could not be reached by the RAC to determine their potential interest in the study; (f) encouraging sites to provide the RAC with names of screen-positive patients who had initially declined to participate but changed their mind after discussion with their primary care provider or after receiving more information about the study; and (g) having recruitment calls made by trained (and masked) staff at two of the central sites with low enrollment.
Tracking Costs
Direct screening and recruitment costs for personnel and non-personnel were estimated for the central and clinic-based screening strategies.
Statistical Analyses
The yields for enrollment were calculated as cumulative incidence curves, with enrollment as the outcome and other "terminal" events, such as opt outs and not eligible, as competing events. These curves are analogous to traditional survival curves for time-to-event outcomes. Screens that "timed out" (ie, had an ambiguous status or were pending at the close of enrollment because the screen had not been returned, recruitment packet had not been mailed, etc.), were also evaluated as competing events, but with an arbitrary event time of 600 days. Since all enrollments and true competing events occurred within 578 days, this "work around" protected the integrity of the curves. The "timed-out" screens were not censored because their enrollment status was known. Baseline characteristics were calculated for all participants and subsequently compared between those aged 70-74 and 75 or older given the change in age eligibility.
Results
In total, 5,451 participants were enrolled over 20 months (through March 31, 2017). As shown in Figure 1 , enrollment started slowly but accelerated after about 6 months, corresponding to increases in the number of persons screened. The recruitment flow from screening to enrollment is summarized in Figure 2 . For central screening, 226,603 letters were mailed to 135,118 patients, leading to 28,719 positive screens (12.7% of those mailed and 46.5% of the 61,729 returned). In the clinic, 22,537 screens were completed, leading to 5,732 positive screens (25.4%). Of the 34,451 patients who screened positive for high risk of serious fall injuries, 31,872 were sent a recruitment packet and, of these, 5,451 (17.1%) were ultimately enrolled. The yield increased to 19.0% after omission of the 3,130 patients who were not contacted because recruitment had ended. The most common reasons for exclusion during the telephone interview were assignment to the wrong practice, unable to provide consent, and terminal illness. Of the 16,024 patients who were eligible, 34.0% agreed to participate.
More detailed information about screening and recruitment by clinical site is provided in Tables 1 and 2 , respectively. For central screening, the prevalence of positive screens varied from 40.2% at Pittsburgh to 58.8% at Mount Sinai, with an overall rate of 46.5% (Table 1 ). This rate was considerably lower for the 5,910 rescreens (19.5%) than for the 220,693 first-completed screens (48.1%). Across all of the 10 sites, the number of patients enrolled varied from 369 at Mercy Health Network to 735 at Partners Health care (Table 2) . Among patients having a telephone interview, the percent enrolled varied from 21.9 at Reliant Medical Group to 49.5 at Michigan.
As shown in Supplementary Figure 1 , the yield for return of the (central) screening postcards (left panel) varied considerably by number and type of screening attempt, with the highest rates for the first rescreen and first screen and lowest rates for the third and fourth screens. The pattern for the enrollment yield (right panel) was very similar, except that the highest rate was observed for the first screen rather than the first rescreen, and the yield for the second rescreen was comparable to that of the third screen.
The enrollment yields from time of first screening are shown in Supplementary Figure 2 for the central sites. Values were considerably higher for Michigan (6.8%) and Pittsburgh (5.6%) than for the other seven sites, which had yields ranging in a narrow band from 2.5% for Essential Health to 3.6% for HealthCare Partners. The corresponding yields according to age and sex are provided in Supplementary n/a n/a n/a n/a n/a n/a n/a 5,732 (25.4) Total 86 173,974 n/a n/a n/a n/a n/a n/a n/a 34,451
c Note: a As described in the Methods, screening postcards were resent to non-responders who did not return the prior postcard within 75 days. Screen-negative patients could subsequently be rescreened after a minimum of 9 months.
b As shown in Supplementary Table 3, 11,445 (45.8%) of these patients were in a single practice, explaining the disparity with the much lower number of first screens. c Given the operational differences between central and clinic screening, a rate for total positive screens was not calculated. Values are lower than the number of positive screens (in Table 1 ) because enrollment had ended before all recruitment packets could be mailed. b The denominator includes the number of participants with a telephone interview minus the number found to be ineligible. and 80-84 years and lowest for those aged 70-74 and 90+ years. The yield was modestly higher for women than men.
The number of participants enrolled for each practice is shown in Supplementary Table 3 . These values varied considerably for each of the sites, largely reflecting differences in the number of age-eligible patients within each practice. The range of values was least wide for Michigan (94-125), HealthCare Partners (31-70), and Reliant (51-99). The greatest number of participants were enrolled at the Partners PH3 practice (n = 199), while the fewest were enrolled at the Partners PH2 and PH8 practices (n = 10 each). As shown at the bottom of the table, 82.1% of the 4,849 patients enrolled from the central sites were from the first screen, while 13.3% were from the second screen. Table 3 provides the baseline characteristics of the 5,451 participants. Among all participants, the mean age was nearly 80 years, 62% were female, 13% were Black or Hispanic, and about half had at least a college education. Self-rated health was very good to excellent for a minority of participants, the mean number of chronic conditions was greater than 2, and a substantial proportion of participants used a mobility aid. The most common positive screening question for fall injuries was fear of falling, followed by a fall with injury in the past year. About 41% of participants had two or more positive screening questions. Participants aged 70-74 years, representing about a fifth of the sample, generally had more favorable characteristics than those 75 years or older.
The costs for screening and recruitment are provided in Supplementary Table 4 . On a per enrollee basis, the total costs were about 16% higher for central versus clinic screening. This modest difference was due primarily to higher non-personnel costs.
Discussion
In the STRIDE Study, 5,451 community-living persons, aged 70 or older, who were at high risk for serious fall injuries, were recruited from 86 primary care practices within 10 diverse health care systems across the United States for a pragmatic cluster randomized trial. The study exceeded its modified goal of enrolling 5,322 participants over 20 months, but several modifications to the original protocol were required because of lower-than-expected recruitment yields. Participants tended to be highly educated, with modest representation of Blacks and Hispanics, but had high prevalence of chronic conditions, diminished self-reported health, and use of mobility aids, reflecting their heightened risk for serious fall injuries. The study demonstrated the feasibility of two distinct screening strategies (central and clinic-based) that could be implemented by most health care systems if the STRIDE multifactorial intervention is found to be effective in preventing serious fall injuries.
The initial STRIDE goal was to enroll 6,000 participants over 18 months. We had estimated that about 5% of patients screened centrally would be enrolled, based on pilot testing, but the observed yield, despite multiple screens, was only 3.6% (Supplementary  Table 2 ). This lower-than-expected yield was primarily due to lower return of the screening postcard (30% observed vs 45% estimated), higher opt out (21% observed vs 12% estimated), and higher refusal among eligible screen-positive patients having a telephone interview (66% observed vs 34% estimated). Despite falling short of these original estimates, we achieved 90% of our initial enrollment goal. The study was able to maintain 90% power because maximum follow-up was extended from 36 to 40 months.
Because the number of age-eligible patients was largely fixed after randomization of the practices, several modifications of the protocol were implemented, including mailing additional screening postcards to non-responders and rescreening patients who were previously screen-negative. Although the corresponding enrollment yields were considerably lower than that of the initial screen, the additional screens and re-screens, together with the other protocol modifications, allowed us to exceed our modified enrollment goal. The low yields, however, led us to relax our goal of enrolling a comparable number of participants in each practice within a health care system (or clinical site), as specified in the original sample size calculations (3). The yields were highest for Michigan and Pittsburgh, which allowed these two sites to exceed their original enrollment goals by 36% and 8%, respectively. The only other central site that met its enrollment goal was Partners HealthCare, which had a large number of age-eligible patients, reducing the need for the less efficient repeated screens and rescreens. Although the enrollment yield was much lower for patients aged 70-74 years than those 75 years or older, the large pool of these "young-old" patients led to a sizeable number of enrolled participants.
The large number of patients screened positive at Reliant, the only clinic-based site, also allowed its overall enrollment goal to be met, despite a lower-than-expected yield (10.5% observed vs 33.9% estimated), and facilitated enrollment of a generally comparable number of patients at each of its eight practices. The number of screening postcards (central strategy) and recruitment packets (both strategies) were adjusted on an on-going basis in an attempt to balance several competing needs, including: minimizing disparities in the number of patients enrolled per practice, achieving site-specific and overall enrollment goals, and avoiding a large infusion of newly enrolled patients at a specific site given site-and practice-specific constraints on the number of new intervention patients that could be evaluated per unit of time.
Among screen-positive patients who were deemed eligible during the telephone interview, only 34% agreed to participate in the trial. The challenges of recruiting older persons for clinical research, particularly those who are frail or otherwise vulnerable, are well known (1) . Because other large multisite trials of older persons, such as LIFE Study (10), Testosterone Trials (2) and ASPREE (11), had a more complex set of screening and recruitment procedures characterized by sequential assessments of eligibility, it is difficult to compare participation rates. After initial telephone screening, these trials, in contrast to STRIDE, recruited potential participants in person. In addition, according to the STRIDE interviewers, many screenpositive patients did not consider themselves at risk for serious fall injuries. Nearly half of the participants were at high risk based on the fear of falling screening question, while the remainder had two or more falls or a fall injury in the past year. About a third had experienced a fracture since age 50, while nearly 5% had a prior hip fracture. These results, coupled with the high prevalence of mobility aids, suggest that the study population, which had a mean age of 80, should have a high incidence of serious fall injuries over the projected 2.5-year (median) follow-up period (4-6). It was not possible to compare baseline characteristics between patients who agreed to participate in the trial and those who did not, since data were not available on the latter group.
On a per enrollee basis, the total costs of the two screening strategies were generally comparable, suggesting that decisions about how best to identify a high-risk group of older patients for implementation of the STRIDE intervention, should it be shown effective, could be based on other considerations, which might differ from one health care system to another. In theory, the "reach" of the central (or populationbased) strategy might be greater than that of the clinic-based strategy since it is not tethered to any health care utilization, but in practice the reach of the two strategies may be comparable since the population of older patients seen in most primary care settings is likely enriched for fall risk (6) . For the central strategy, the costs were higher for the subsequent screens and rescreens, relative to the first screen, because of the lower enrollment yields, but multiple screens were needed to achieve the desired sample size. For both strategies, the total cost per enrollee was less than half that of the LIFE Study (10) , which included face-to-face screening and assessment, in addition to telephone screening, both of which were site-specific rather than centralized.
Because of selective return of the screening postcards, it is not possible to directly compare the prevalence of positive screens at the population-versus clinic-based levels. Patients from racial/ethnic minority groups or with low socioeconomic status or cognitive impairment may be less likely to respond to screening postcards, providing one explanation for the relatively high educational attainment, modest representation of Blacks and Hispanics, and low prevalence of significant cognitive impairment in STRIDE. After completion of study recruitment, Reliant Medical Group has continued clinic-based screening, suggesting that the associated personnel cost might be subsumed under routine intake activities as part of providing optimal geriatric care.
The lessons learned from STRIDE can help to inform the design and implementation of other large pragmatic cluster randomized trials, especially those that are conducted within different health care systems. Before randomization of practices or other groups of individuals to the relevant interventions, it would be advisable to have a substantial excess of potential participants to account for lowerthan-expected enrollment yields. We increased the pool of potential participants after randomization by lowering age eligibility, but this change could diminish power by reducing the overall outcome rate given the more favorable baseline characteristics of the younger participants. An alternative approach would have been to randomize a larger number of practices and to hold some in reserve pending the early recruitment results. Our relatively low participation rate suggests the need for sites to better educate the target population, before and during the trial, about the risk and consequences of the condition serving as the basis for intervention. The anecdotal reports from our interviewers are supported by prior research showing that lack of awareness of fall morbidity and preventability is a significant impediment to implementing fall risk assessment and management in clinical practice (12) . Real-world implementation of the STRIDE intervention will likely require aggressive educational efforts and outreach by insurers and health care systems. Finally, the development, modification, and implementation of our screening and recruitment procedures were greatly facilitated by input from the patient and stakeholder group, which helped to craft the recruitment packets and reviewed other relevant patient materials.
In summary, despite lower-than-expected yields, the STRIDE Study successfully enrolled 5,451 community-living persons, aged 70 or older, at high risk for serious fall injuries from 86 primary care practices within 10 diverse health care systems across the United States. To identify a high-risk population, the study demonstrated the feasibility of two distinct screening strategies that could be implemented by most health care systems if the STRIDE multifactorial intervention is found to be effective in preventing serious fall injuries. The lessons learned from STRIDE should assist other investigators who are planning or conducting large pragmatic trials of vulnerable older persons, particularly trials in different health care systems.
